Abstract -A computer based method to determine the Series resistance of silicon Ka-band INPATT diode from Small signal threshold condition is described. The values of series resistance are found to be 0.904 ohm -1.013 ohm over a feasible range of current density 9.0x107 Amp/M2 -1.2x108 Amp/mi2 . The results obtained by the computer method agree well with the experimentally measured values of Series resistance 1.008 ohm -1.067 ohm for various cap heights.
INTRODUCTION
IMPact Avalanche Transit Time (IMPATT) devices have emerged as most powerful solid-state devices for generation of high CW and pulsed power in millimeter wave frequencies [1] and also for silicon monolithic millimeter-wave integrated circuit's (SIMMWIC's), the IMPATT diode provides high oscillator output power combined with high efficiency [2] . Since last four decades, several workers have been exploring the possibility of high power generation either from a single IMPATT diode or from several diodes by using the power combining technique. The parasitic positive series resistance Rs which originates from the unswept epilayer, package contacts and the passive circuit is a dominant factor, which limits output power from an IMPATT source. The negative resistance of millimeter wave IMPATT diode is in the range of only a few ohms. The positive series resistance R, therefore has to be kept to the minimum possible value by appropriate technology in order to obtain maximum output power from the device. A direct measurement of series resistance Rs by a network analyzer is difficult due to circuit modeling difficulties and network analyzer error [3] , [4] . The author has developed a computer based method using accurate values of ionization rates and drift velocities for determination of the series resistance R, of millimeter wave Ka-band packaged SDR IMPATT diode utilizing Small signal conductancesusceptance characteristics at threshold condition i.e. when the Small signal conductance of the packaged diode just becomes negative and the device susceptance becomes just positive. The values obtained for series resistance Rs utilizing Small signal computer analysis have been compared with measured values of series resistance Rs using modified Alderstein expression [5] , [6] .
II. SERIES RESISTANCE BASED ON COMPUTER ANALYSIS An equivalent representation of the IMPATT diode in RF circuit is shown in Figure 1 . G and B are the diode conductance and susceptance obtained through computer analysis using realistic values of ionisation rate and drift velocities. R, is the series resistance of the device, g is the load conductance and L is the circuit inductance, which is tuned to give the desired frequency. In a practical oscillator circuit, the steady-state condition for oscillation is given by [6] g =-G-B2Rs (1) Considering higher order term, a more accurate expression of the steady-state condition for oscillation can be written as g=-G-G2R -B R s s
In the practical case, it is good approximation to take g = 0 at the oscillation threshold [6] .
Then the equation (2) [7] , into its real part R (x,co) and imaginary part X (x,co), two differential equations are framed [8] . Solving these two equations simultaneously, the Small signal integrated parameters like impedance (Z), conductance (G) and susceptance (B) are obtained. The integration of R (x) and X (x) profiles over the depletion layer gives, the total negative resistance ZR and Zx of the diode.
The diode impedance Z is given by Hence, the diode given by The symbols used have their usual significance. Realistic field and temperature dependence of carrier ionization rates and the drift velocities [9] , [10] at 2250 C have been taken, and the effect of mobile space charge has been considered. The device parameters taken for this present analysis are shown in Table: I. The dc current density has been varied from 9.0x107 -1.2 x 108 A/m2. The G-B plot corresponding to maximum and minimum current densities have been shown in Fig. 3 . The optimum frequency of operation for the designed diode has been observed to vary from 37-40 GHz. Where an, cp, vn , vp are respectively the electron and hole ionization rates and drift velocities at the maximum field point in the depletion layer.
A. Experiments Experiments were carried out by using silicon Ka-band SDR IMPATT diodes, embedded in a resonant-cap cavity shown in Figure 4 . Table: III for various cap heights. [5] , [6] . The 
